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surface of the upper sheet is painted black so that it will absorb all wave lengths, and the exposed surface of the lower sheet is left shiny to obtain a reflecting surface for all wave lengths. Inside the plate ar*s two sets of thermopiles: one set near the upper surface and the other near the lower surface. To insure that the lower surface of the plate receives no radiation, a radiation shield is located half an inch below the plate. When this shield is in place, a blower must be ur?ed to insure that the thermal convective losses will be equal on both sides of the plate.
The receiving surface absorbs the incident radiation, some of which is reradiated. The part that is reradiated may be computed, by using Stefan's Law, from the temperature of the receiving surface, which is determined by a thermocouple imbedded in the plate. The remainder of the absorbed radiation is carried away by forced convection from the upper and lower surfaces of the plate. Because very little of the energy carried away from the lower surface by convection is received from the surroundings, the energy lost from the lower surface by convection must have flowed through the plate. The temperature gradient between the upper and lower surface is a measure of the radiation abs orbed from the atmosphere and then lost by convection. The instrument is calibrated for the part of the absorbed radiation lost by convection by using a laboratory source of a known magnitude of radiation.
The accuracy of the instrument under the conditions of calibration is estimated to be within 3 percent, but this accuracy is not usually attained in the field. A positive or negative error is caused by a misorientation of the instrument with respect to the prevailing wind direction. This error is considered to be compensating for periods ofr a week or more and is significant only above wind speeds of 15 mph (Dunkle and others, 1949) . Another error occurs when rain falls on the 107 sensing element and a part of the incident radiation is required to evaporate the water. In the field, the largest error is probably due to the change in absorption characteristics of the painted receiving surface. Because these characteristics change with time, the accuracy of the instrument will decrease. In order to determine how great an error may occur, four radiometers were recalibrated after a year or more of use; the average change was 6 percent.
Despite some uncertainties about its accuracy, the radiometer described has given results for the evaporation studies that appear satisfactory.
In addition to measurements of infrared radiation, measurements of ambient-air temperature, humidity, and solar radiation are obtained at the same location. A typical field installation is illustrated in figure 33 , which shows the thermocouple psychrometer, Eppley pyrheliometer, and the flat-plate radiometer. The flatplate radiometer measures both solar and infrared radiation. Long-wave radiation during the day is determined by subtracting solar radiation from the total radiation received by the flat-plate radiometer. 
LONG-WAVE RADIATION RELATIONSHIPS
Most long-wave radiation from the atmosphere has wave lengths of between 4 and 120 /* (microns). In this wave-length range, water vapor, ozone, carbon dioxide, and oxygen have strong absorption bands. Some of these bands are narrow and do not occur frequently in the 4 to 120 fj. range. However, water vapor, which is the principal absorber of radiation in the atmosphere, has absorption bands throughout this range. Radiation from the atmosphere, then must come from water vapor, ozone, carbon dioxide, and oxygen because, according to Kirchoff's law, they emit radiation as strongly as they absorb.
To avoid dealing with the highly variable content of water vapor in the air, some investigate rs (Brunt, 1944; Angstrom, 1920) have treated the atmosphere as a gray body, and others (Elsasser, 1942) have taken into account the variability of the water-vapor spectrum. The simplest method to determine long-wave radiation received at the surface is to treat the atmosphere as a gray body and choose a suitable emissivity. In this method, Stefan's law is used, the variable being the temperature of the ambient air, and is expressed by Brunt (1944) as (1) where
Qa=ihe radiation received, in cal cm"2 day"1 , (r=the Stefan Boltzmann constant, 5.6697X10"5 erg cm"2 sec"1 (°K)~4, Ta=the air temperature in °K, c= constant, d= constant, and ea -vapor pressure of the air in millibars.
The spectrum of water vapor is not continuous but is a line spectrum which obeys a square-root law of absorption and emission. According tc Elsasser (1942) , Brunt's equation will nearly approximate this relationship, but a logarithmic equation for th<^ vapor-pressure term would give a truer relationship. Because the vapor-pressure term is rather small, the choice of using the square-root or logarithmic relationship was considered to be of minor consequence and the square-root relationship was used in these studies.
The long-wave radiation data obtained in the evaporation studies were used to evaluate the constant coefficient d, in equation 1. A value of 0.0263 for d gave the truest results. Anderson (1954) listed nine investigators who determined values for d in Brunt's equation; their values ranged from 0.029 to 0.082. The value of 0.0263, used in this report, is slightly below this range, but the difference is not considered to be significant.
Most investigators have considered the c term in Brunt's equation to be almost constant, but some variation with the amount of cloud cover has been noted. In the course of this study, it was noted that correlation was better if c varied with air temperature and cloud cover. Continuous observations of cloud cover are difficult to obtain, and it was found that this effect could be related to the ratio of the measured solar radiation to solar radiation received if a clear sky had existed for the period of study. It is easy to compute the clear-sky radiation for any latitude, and in any heat-budget study, measurements of solar radiation are generally made by some type of instrument or are available from a nearby U.S. Weather Bureau office. In determining the clear-sky solar radiation received at the earth, a solar constant of 1.6 cal cm"2 min"1 is used.
The family of curves shown in figure 34 was drawn using the air temperature as the abscissa and the value of c as the ordinate. Each curve in the series has a constant value of the ratio of measured solar rad ; «ition to clear-sky radiation. These curves were drawr from the data taken in connection with the evaporation studies.
The values of c determined by nine investigators, as listed by Anderson (1954) , ranged from 0.43 tc 0.68. The maximum value of c, which is indicated by figure 2, is 0.735. If a higher value of d had been chosen, then the maximum value of c would have been less, and very close to the range listed in Anderson (1954) . The curves of figure 2 are not adequately defined by data below air temperature of 10° C. A minimum value of c is not indicated, and consequently no comparison can be made with results obtained by other investigators.
A comparison of the computation of infrared radiation by Brunt's equation using values of c and d as defined in this study, with those obtained by measurement of radiation is shown in table 1. The average percent difference, without regard to sign, for all periods between computed .and measured amounts of radiation varied from 2.0 to 11.7 percent. The differences between the measurements and computations do not appear to be significantly related to location. More agreement is obtained when the computations are made for periods of a month or longer, than for shorter periods such as a week. This agreement would probably indicate-that the variability of the moisture content of the upper atmosphere and cloud cover are less important for long periods than for short periods. Computations for radiation for stations at higher altitudes did not agree as well as those for radiation for stations at lower altitudes. However, no reasonable explanation of the effect of altitude can be offered at this time. Data used to determine the values in table 1 are presented  in table 3 . Brunt's equation as modified can be used to determine the long-wave radiation received at an area if surface measurements are made of air temperature, humidity, and solar radiation. Use of periods of a week or longer to compute the average infrared radiation received will minimize errors caused by such atmospheric occurrences as inversions and frontal passages. If inversions occur frequently during any period, the relationship computed by Brunt's equation will be in error, for the actual long-wave radiation will be greater. The modified equation is based on data obtained where fog or precipitation seldom occurred. It is doubtful that the relationships in figure 34 would be valid under such circumstances.
An example is presented of the use of Brunt's equation as modified: If an area at lat 35° has the same representative atmospheric conditions as that measured at a central station, then the infrared radiation received for that area can be computed. Assume for this area that the following data were obtained for the period June 1 to 7:
Average temperature of the air 25° C; Average vapor pressure of the air 16 mb; Average measured solar radiation received 700 cal cm"2 day"1 .
From the solar radiation chart ( fig. 35 ), read the amount of solar radiation that would have been received for this period if no clouds had been present (827 cal cm"2 day"1)-The ratio of measured solar to clear-sky radiation is then 0.85. The value of c in Brunt's equation, as determined from figure 35, is 0.72 for a temperature of 25° C and a ratio of 0.85. Tv «, right side of equation 1 is equal to 0. 0263V16+0.72, or 0.83 , and this value is the emissivity of the atrrosphere for the period. The infrared radiation from table 2 for a temperature of 25° C is 924 cal cm~2 day"1 for an emissivity of 1.00. This value, wher multiplied by the emissivity of 0.83, is computed to be 767 cal cm" day 
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SOLAR RADIATION REFLECTED FROM V'ATER SURFACE
If a heat budget is to be made for a body of water, the amount of solar radiation reflected from the water surface must be known. Anderson (J954) presented curves to determine the amount of reflected solar radiation on the basis of sun, altitude, ard cloud cover. Because this method is tedious and tune consuming, a family of curves is presented in figure 36 for determining the reflected solar radiation directly from the measured solar radiation. There are two curves in this family, one for a ratio of measured to clear-sky solar radiation greater than 0.80 and the other for a ratio less than 0.80. However, either curve, if used for all determinations, will give results within an accuracy of 10 percent.
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